Five new stilbene dimers were isolated from the lianas of Gnetum parvifolium in addition to known stilbenoids. The structures of the compounds were established on the basis of spectroscopic evidence, including long-range coupling and nuclear Overhauser effect experiments, in NMR spectrum. Among the isolates, 2b-hydroxyampelopsin F showed potent inhibitory activity in the Maillard reaction.
The genus Gnetum (Gnetaceae) comprises about 40 species distributed in South America (Amazon), southwest Africa, and in tropical and subtropical zones of Asia.
1) The fruit and seed of some species like Gnetum gnemon, called "melinjo" in Indonesia, are used as food, while others have been used as folk medicines. 1) In the present study, an acetone extract of lianas of G. parvifolium was found to exhibit a strong inhibitory activity (79%) in the Maillard reaction at 10 mg/ml. In this paper, we describe the isolation and structural determination of stilbenoids in the lianas of G. parvifolium.
The lianas of Gnetum parvifolium (WARB) C. Y. CHENG ex CHUN was extracted with acetone and MeOH, successively. The acetone and the methanol extracts were fractionated to several fractions by open column chromatography on silica gel. The resulting fractions were further purified with silica gel, Sephadex LH 20 columns and preparative TLC to give 11 stilbenoids. Six compounds among them were identified as known stilbenoids (resveratrol, isorhapontigenin, isorhapontigenin-4Ј-O-b-glucopyranoside, isorhapontigenin-3-O-b-glucopyranoside, gnetulin, (Ϫ)-e-viniferin).
2) The other five compounds are new compounds.
Compound 1 (parvifolol A), an amorphous powder, showed the [MϪH] Ϫ at m/z 469 in negative ion FAB-MS, indicating the molecular formula C 28 ). The number of hydroxyl groups was confirmed by acetylation and methylation, which gave a hexacetate (1a) and a hexamethyl ether (1b), respectively. All protonated carbon signals in the 13 C-NMR spectrum were assigned by a 1 H detected single quantum coherence (HMQC) spectrum (Table 2) . In the 1 H-1 H long-range correlation spectroscopy (COSY) (HH long-range COSY) spectrum, significant correlations were observed between H-2a(6a)/H-7a, H-14a/H-8a, H-6b/H-7b and H10b(14b)/H-8b. In addition, 3 J CH long range couplings were observed between H-2a(6a)/C-7a, H-14a/C-8a, H-6b/C-7b and H-10b(14b)/C-8b in the 1 H detected multiple quantum coherence (HMBC) spectrum, which showed that rings A 1 , A 2 , B 1 and B 2 were connected at C-7a, C-8a, C-7b, C-8b, respectively. The long-range correlations observed between H14a/C-10a and H-8b/C-10a in the HMBC spectrum indicated that a resveratrol unit (ring A 1 -C7a-C8a-ring A 2 ) formed a five-membered ring with C-7b and C-8b. Although no correlation was observed between H-7a/C-2b, a linkage through an oxygen exist in 1. The planar structure was therefore concluded to be as shown in Fig. 2 . Significant nuclear Overhauser effect (NOE) interactions in the NOE spectroscopy (NOESY) spectrum supported the relative stereostructure of 1 (Fig. 3) .
Compound 2 (parvifolol B), an amorphous powder, showed [MϪH] Ϫ at m/z 469 in negative ion FAB-MS, indicating that the molecular formula is C 28 H 22 O 7 . As the 1 Hand the 13 C-NMR spectral data were closely similar to those of 1, it was considered that 2 will be one of the stereoisomers of 1. As NOE correlations in the NOESY spectrum were observed between H-7a/H-7b, H-7a/H-14a, H-8a/H-2a(6a), H7b/H-10b(14b) and H-6b/H-8b, the configuration at C-8b would be b as compared with 1, where C-8b is a (Fig. 1) . Compounds 1 and 2 are dimers consisting of a resveratrol and an oxyresveratrol . Although gnetuhainins D and E isolated as a mixture from G. hainanense 3) have structures similar to 1 and 2, the structures are completely different, that is, a bridge is formed between C-7a-O-C-2b in 1 and 2, while both C-7a and C-2b are substituted with hydroxyl groups in gnetuhainins D and E.
Compound 3 (parvifolol C), an amorphous powder, showed [MϪH] Ϫ at m/z 485 in negative ion FAB-MS, indicating the molecular formula to be C 28 hydroxyl phenyl group was substituted with a 2,4-dihydroxy phenyl group. In the HMBC spectrum, long range correlations were observed between H-7a/C-2a and H-7a/C-6a, which indicated that the 2,4-dihydroxy phenyl group is connected at C-7a. In the NOESY spectrum, correlations were observed between H-7a/H-14a, H-6a/H-8a, H-7b/H10b(14b), H-6b/H-8b and H-7a/H-8b, which permitted the conclusion that the relative stereochemistry could be drawn as 3 in 7a, H-6a/C-7a, H-10a(14a)/C-8a, H-2b/C-7b, H-6b/C-7b and H-10b(14b)/C-8b in the HMBC spectrum (Fig. 5) , indicating that rings A 1 , A 2 , B 1 and B 2 were attached to C-7a, 8a, 7b and 8b, respectively. NOE correlations in the NOESY spectrum ( Fig. 5 ) observed between OMe (d 3.84)/H-2a and OMe (d 3.94)/H-2b also indicated that the two methoxyl groups were substituted at C-3a and C-3b. Although no longrange correlation was observed between H-7a/C-4b in the HMBC spectrum, it could be concluded that a furan ring is present in 4 after consideration of the number of hydroxyl groups and the molecular formula. The planar structure of 4 was then concluded to be as shown in Fig. 5 . The configuration of the dihydrofuran ring was confirmed to be trans on the basis of NOESY correlations between H-2a/H-8a, H6a/H-8a and H-10a(14a)/H-7a. Consequently, the relative stereostructure of 4 could be drawn as in Fig. 5 .
Compound 5 (2b-hydroxyampelopsin F), an amorphous powder, showed [MϪH] Ϫ at m/z 469 in negative ion FAB-MS indicating the molecular formula C 28 1 were connected at C-7a and C7b, respectively. Furthermore, the results of HMBC spectrum (Fig. 6 ) and 1 H-1 H long range correlations between H14a/H-8a and H-14b/H-8b showed that rings A 2 and B 2 were connected as shown in Fig. 6 . The NOEs observed in the difference NOE (DIFNOE) experiment are depicted in Fig. 6 . The spectral data indicated that 5 consists of a dibenzobicyclo[3,2,1]octadiene ring system like ampelopsin F.
4) The small coupling constant values of the four benzylic methine protons indicated that all dihedral angles of the methine protons are approximately 90°C, which is equal to ampelopsin F. Therefore, the structure of 5 was determined to be 2b-hydroxyampelopsin F. Although gnetuhainin C 3) isolated from G. hainanense has the same planar structure as 5, the coupling constants of H-7a and H-8a are different (gnetuhainin C: 5.4 Hz) from those of 5, which showed that 5 and gnetuhainin C are diastereomers. Hz, H-14a)] was also exhibited in the spectrum. All protonated carbons in the 13 C-NMR spectrum were assigned by the HMQC spectrum (Table 2) . Considering the HMBC correlations observed between H-7a/C- 2a, H-7a/C-6a, H-7b/C-2b and H-10b(14b)/C-8b demonstrated that rings A 1 , B 1 and B 2 were connected at C-7a, C-7b and C-8b, respectively. In addition, the HMBC correlations depicted in Fig. 7 indicated that C-8a-C-8b-C-7b forms a five-membered ring with ring A 2 at C-9a and C-10a. NOE between H-7a/H-14a showed that the configuration of the double bond is E. The NOEs between H-7b/H-10b(14b) and H-8b/H-6b also suggested that ring B 1 and B 2 are trans. Although gnetulin 5) was isolated as an acetate derivative from lianas of G. ula, this is the first instance of isolation of the compound as an intact form. A compound, gnetifolin C (6), isolated from G. parvifolium, 2) has the same spectral data as 6, but direct comparison of the two compounds has not yet been carried out. As the compounds are identical, re-examination of gnetifolin C called for.
It is reported that protein glycation (Maillard reaction) is one of the causes of diabetic complications and aging of the skin. Among the isolates, 2b-hydroxyampelopsin F (5) showed a potent inhibitory activity in the Maillard reaction 6) (70%:10 mg/ml).
Experimental
1 H-and 13 C-NMR spectra were recorded on a-500 and LA-300 (JEOL) spectrometers. Chemical shifts are shown as d values with tetramethylsilane (TMS) as an internal reference. Peak multiplicities are quoted in Hz. Negative ion FAB-MS were measured on a JMS-DX-300 spectrometer equipped with a JMA 3500 data analysis system (JEOL). UV spectra were recorded on a UV-2200 spectrometer (Shimadzu), and optical rotations were recorded on a P-1020 (JASCO) polarimeter. Silica gel 60 (70-230 mesh, Merck) and Sephadex LH-20 (Pharmacia) were used for column chromatography, and Kiesel-gel 60F (Merck) was used for analytical and preparative TLC.
Extraction and Isolation The dried bark of Gnetum parvifolium (1.6 kg), collected in the Botanical Garden of the University of Tokyo in April, 1999, was powdered and extracted successively with acetone (3 lϫ3), and MeOH (3 lϫ3) Tables 1 and 2 .
Acetylation of Compound 1 To a solution of 1 (3 mg) in pyridine (1 ml), acetic anhydride (1 ml) was added and the mixture was kept at room temperture for 24 h. The reaction mixture was poured into cold water and then extracted with EtOAc. After removing the solvent in vacuo, the crude product was purified with PTLC (n-hexane : EtOAcϭ3 : 2) to afford 1a as an amorphous solid (2 mg Methylation of 1 Compound 1 (5 mg) was allowed to react with MeI (0.5 g) and K 2 CO 3 (2 g) in dry acetone under reflux for 3 h. The reaction mixture was treated in the usual manner and the resulting crude product was purified with PTLC (n-hexane : acetoneϭ3 : 1) to afford 1b as an amorphous colorless solid (3 mg Tables 1 and 2 .
Inhibitory activity of the Maillard reaction was measured as described in ref. 6 .
